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Pulsed DTI 

Doppler Myocardial Velocities 
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Tissue Velocity Imaging cannot 
Discriminate between Actively 

Contracting Muscle and Muscle 
that is moving because of 

Tethering 







Normal Strain and Torsion 
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Notomi et al. Circulation 2005; 111: 1141-7 





• Strain is defined as the deformation of 
an object, normalized to its original 
shape. 

• Strain Rate (SR) should be understood 
as the rate of myocardial deformation 
over a period of time. 

• 𝑺𝒕𝒓𝒂𝒊𝒏 𝑹𝒂𝒕𝒆 (𝑺𝑹) =
𝑺𝒕𝒓𝒂𝒊𝒏

𝒕𝒊𝒎𝒆
 

 

Strain = deformation 
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Strain Calculation 

• 𝑺𝒕𝒓𝒂𝒊𝒏  =
L−L0

L0
 

 

•   

 

𝑺𝒕𝒓𝒂𝒊𝒏 () =
7 − 9
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Mirsky and Parmley. Circ Res, 1973 



Strain tracking 

Strain Calculation from Tissue Velocities 



• Distance is calculated by velocity, ie: Distance=Velocity x Time 

• If V1 > V2, SR is negative and there is shortening 

• If V2 > V1, SR is positive, indicating lengthening 

• If V1 =  V2, SR is zero, no shortening nor lengthening. 

Strain Rate Calculation 





Caveats of TD derived Strain 

• Doppler angle-dependent 

• The comparison of adjacent velocities is 
exquisitely sensitive to signal noise ratio.  

• High frame rates needed. (lower spatial 
resolution). 



Is it possible to derive strain directly 

from the B-mode image?? 



Not a New Idea, Just Better Implementation  
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Derivation of 2D Strain by Echo 
 

Leitman M et al.  JASE 2004; 17:1021-29 



How to Obtain and Analyze 2D 
Strain in Practice 



Image Acquisition 
Longitudinal Strain 

• Apical views: 4, 2, 3 chamber on axis, 
non foreshortened 

• Narrow 2D sector width to include 
entire LV and myocardium, and base 
of LA 

• FPS should be between 40 – 90 or at 
least 40% of HR. 

• Initiate breathing techniques 

• Acquire 3 cardiac cycles 



Select Measure to 

activate AFI program. 

Activate the Program 



Define ApLAx,  4Ch & 2Ch 

views for processing. 

Define the View 



Anchor 3 points in the 

LV, apex and annular 

hinge points.  

Anchor 3  Points 



Allow the system to 

process the data.  

Process the Data 



System reports the 

reliability of the data  

Read the Reliability of the Fit 



Adjust aortic valve 

closure 

Set AV Closure (ApLAx) 



Longitudinal Strain 

Normal Subject 

Strain graph 

Anatomical M-mode 

Parametric image 



Normal Subject 

Longitudinal Strain Rate  from Apical 4-Chamber 



Normal Subject 

Longitudinal Velocity  from Apical 4-Chamber 



Bull's-eye Plot from 3 Apical Views  
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Longitudinal Strain 

Dilated Cardiomyopathy 



Caveats of Speckle-Tracking 
derived Strain 

• Not angle-dependent 

• Highly dependent on image quality 
and acquisition. (ie: reverberation, 
attenuation artifacts, etc) 

• Excessive or limited region-of-
interest width  

• Technical proficiency for 
measurements. 



Attempting to define normal 
ranges for 2D-based speckle-

tracking strain 



 





Why is Strain Clinically 
Important and When to 

Consider its use? 





1. General population 



Objectives 

• Compare GLS with ejection fraction and 
WMSI for the prediction of mortality 

Staton et al. Circ CV Imaging 2009;2:356-64 



Methods 

• 546 consecutive patients (known or suspected LV 
impairment), 91 died at 5.2 +/-1.5 years 

• Simpsons biplane EF and WMSI by 2 experienced readers 

• Global longitudinal strain (GLS) was calculated in 3 views 
using 2D Speckle tracking (18 segments) 

• The incremental value of EF/WMSI and GLS to significant 
clinical variables was assessed using a nested Cox model 

Staton et al. Circ CV Imaging 2009;2:356-64 



Results 

• Mean EF = 58 +/- 12% (16-81%) 

• WMSI = 1.3 +/-0.4 

• GLS =  -16.6 +/-4.3 % 

Staton et al. Circ CV Imaging 2009;2:356-64 



Staton et al. Circ CV Imaging 2009;2:356-64 



• GLS is a superior predictor of outcome to either EF or 
WMSI. 

• It may become the optimal method of assessment of 
global LV function 

• A GLS ≥ -12% was found to be equivalent to an  
EF ≤ 35% for the prediction of prognosis 

• Use of this threshold could possibly improve access to 
potentially lifesaving treatments such as implantable 
defibrillators. 

  
Conclusions 

Staton et al. Circ CV Imaging 2009;2:356-64 



2. Heart failure 







Prognosis Prediction in Patients 
with Acute Heart Failure 

Cho GY, JACC 2009;54:618 



3. Evaluation of Myocardial 
Ischemia 



Strain in Myocardial Ischemia 

Geyer H et al. JASE 2010;23:351-69 



Strain in Myocardial Disease 

• Importance of Longitudinal Strain 

– Longitudinal fibers are predominant in the 
subendocardial region  

– Most vulnerable component of LV mechanics and 
therefore most sensitive to the presence of 
myocardial disease. 

Geyer H et al. JASE 2010;23:351-69 



Strain Imaging During DSE 

Voigt et al. Circulation 2003;107:2120-26 



Strain Imaging During DSE 
Post-Systolic Shortening in Ischemia 

Normal Ischemic 

Voigt et al. Circulation 2003;107:2120-26 

SRI M-mode / Curved M-mode 



PSS Lasts Longer Than Strain 
Decrease 

Courtesy of Dr Ishii and Nakatani 



4. Early detection of 
cardiotoxicity from 

chemotherapy 





3D LVEF vs. Longitudinal Strain Rate 

Hare JL et al. Am Heart J. 2009;158(2):294-301 



Early Detection and Prediction of 
Cardiotoxicity in Chemotherapy-Treated 

Patients 

• Objectives: To evaluate if more sensitive echocardiographic 
measurements and biomarkers could predict later cardiac 
dysfunction in chemo-treated patients 

Slides courtesy of  Dr. Plana.  

AJC, in press. 



Univariate Analysis of Predictors of 
Cardiotoxicity 

    P value 
   (prediction 

 No Yes of 

Variable (N=34)  (N=9)  Cardiotoxicity) OR CI 

Change in left ventricular ejection fraction 

 at 3 months (%) 1.2 ± 9  5.6 ± 8  0.19  5.5  0.45 - 100 

Change in longitudinal strain 

 at 3 months (%) 3 ± 10  15 ± 8  0.01  500  6.7- 0.11x106 

Change in radial strain 

 at 3 months (%) 2 ± 23 22 ± 22 0.02  250 4 - 0.4x105 

Change in N-terminal pro B type 

 natriuretic peptide at 3 months (%) 46 ± 240 56 ± 190  0.91 1 0.65 - 1.4 

Elevation high sensitivity cardiac 

Troponin I at 3 months 6 (18%) 6 (67%)  0.006  9  1.8 - 50 

Cardiotoxicity 

Slides courtesy of  Dr. Plana.  

AJC, in press. 



Univariate Analysis of Cardiotoxicity - 
Diastolic Indices 

     

   P Value     

 No Yes Prediction of 

Variable (N=34)  (N=9)  Cardiotoxicity) OR CI  

ΔLAD at 3 months, mm  0.01 ± 0.12  0.05 ± 0.11  0.19  0.01  8.68x10-6 – 6.90 

ΔE, at 3 months, %  5 ± 20  1 ± 21  0.47  4.57  0.12 – 201.2 

ΔE/A at 3 months, %  2 ± 24 10 ± 41  0.28  4.05  0.31 – 61.47 

ΔE’at 3 months, %  6 ± 16  7 ± 17  0.80  0.53  0.003 – 7.59 

ΔE/E’ at 3 months, %  3 ± 25  15 ± 31  0.25  0.17  0.007 – 3.39 

Cardiotoxicity 

Slides courtesy of  Dr. Plana.  

AJC, in press. 



Sensitivity, Specificity, Positive and Negative 
Value of the Predictors of Cardiotoxicity 

  Sensitivity  Specificity  PPV   NPV 

10% decrease long strain  7/9 (78%)  27/34 (79%)  7/14 (50%)  27/29 (93%) 

Increased cTnl at 3 months  6/9 (67%)  28/34 (82%)  6/12 (50%)  28/31 (90%) 

10% decrease long strain and 

increased cTnl at 3 months 5/9 (55%)  33/34 (97%)  5/6 (83%)  33/37 (89%) 

10% decrease long strain or 

increased cTnl at 3 months 8/9 (89%)  22/34 (65%)  8/20 (40%)  22/23 (97%) 

Slides courtesy of  Dr. Plana.  

AJC, in press. 



Other Clinical Applications 
of Strain 

• Aiding in the identification of Myocardial 
Dyssynchrony 

• Regional and Global Function of other 
cardiac chambers (ie: LA, RV). 

• Correlation of regional function and 
myocardial fibrosis in cardiomyopathies. 
(ie: amyloid, HCM, DCM, etc) 

Geyer H et al. JASE 2010;23:351-69 



What’s coming up in the 
near future? 



3D Speckle-Tracking 

Single 
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Layer Specific Strain 



Strain and Strain Rate 

• Free from Translation and Tethering 

• Highly dependent on image quality 

• It can quantify global and regional 
myocardial function, adding incremental 
value to standard measurements.  

• Sensitive marker of functional change, ie: 
early detection of subclinical abnormality  
early intervention 



Thanks!! 




